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Deinococcus sp. strain RL, a moderately thermophilic bacterium, was isolated from sediments of a hot water spring in Man- 
ikaran, India. Here, we report the draft genome (2.79 Mbp) of this strain, which contains 62 contigs and 2,614 coding DNA se- 
quences, with an average G+C content of 69.4%. 
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Hot water springs located atop the Himalayan ranges in Man- 
ikaran, India, are known for harboring unique microbial di- 
versity (1, 2). We have been exploring the microbial diversity of 
these hot water springs by using culture-dependent and culture- 
independent approaches. Earlier, we reported the genome se- 
quence of Thermus sp. strain RL, isolated from water samples of 
this hot water spring (3). In continuation of our efforts, we iso- 
lated Deinococcus sp. strain RL from sediments of the same hot 
water spring in 2013 and sequenced its genome to form the basis 
for carrying out comparative genome analysis with other closely 
related radioresistant members of this genus (4, 5). 

The genome of Deinococcus sp. strain RL was sequenced using 
the Illumina Genome Analyzer platform. Paired-end reads of 
500 bp (« = 12,988,682) and 2 Kbp (n = 13,994,204) were assem- 
bled using de novo assembler ABySS (version 1.3.5) (6) at a fc-mer 
of 57, resulting in 62 contigs (>500 bp with N 50 , 87,506 bp). The 
total length of the genome was estimated to be 2,792,068 bp, with 
an average G+C% of 69.4 and 2,614 coding DNA sequences. The 
assembled contigs were aligned on the paired-end raw reads using 
BWA (version 0.7.9a) (7) and validated using Tablet (version 
1.14.04.10) (8). Annotation of the assembled genome was per- 
formed using the RAST server (version 4.0) (9) and NCBI Pro- 
karyotic Genomes Annotation Pipeline (PGAP) (see http:// 
www.ncbi.nlm.nih.gov/genomes/static/Pipeline.html). 

The draft genome sequence has a coding density of 89.59%, 
featuring 344 subsystems and 18 pseudogenes. Three rRNA oper- 
ons (5S-16S-23S) were predicted using RNAmmer (version 1.2) 
(10). Forty-nine aminoacyl-tRNA synthetase genes and one 
transfer-messenger RNA (tmRNA) gene were also predicted using 
ARAGORN (11). Further, Deinococcus murrayi DSM 11303 is 
found to be its closest neighbor using BLAST (12). The average 
nucleotide identity (13) between these two strains is 97.77%. Thir- 
teen insertion sequence (IS) elements showing significant hits 
with IS elements of Deinococcus geothermalis were revealed using 
ISfinder. By using AMPHORA ( 14), we found 3 1 bacterial marker 
genes in the draft genome. Additionally, 14 confirmed clustered 
regularly interspaced short palindromic repeat (CRISPR) arrays 
were also identified in the draft genome. 



The RAST subsystem analysis showed the presence of a mini- 
mum number of genes that are required to complete the pathway 
of carotenoid biosynthesis (15). Genes involved in base excision 
repair, nucleotide excision repair, mismatch repair, and homolo- 
gous recombination were also identified. Further work to describe 
the metabolic profile of strain RL and comparative genomic anal- 
ysis with its closest radioresistant neighbors is being carried out in 
order to depict genome plasticity at high temperature environ- 
ments. 

Nucleotide sequence accession numbers. This whole-genome 
shotgun project has been deposited at DDBI/EMBL/GenBank un- 
der the accession no. JMQF00000000. The version described in 
this paper is version JMQF0 1000000. 

ACKNOWLEDGMENTS 

The work was supported by grants from the Department of Biotechnology 
(DBT), Government of India, National Bureau of Agriculturally Impor- 
tant Microorganisms (NBAIM) AMASS/2014-17/NBAIM/CIR, and the 
University of Delhi/Department of Science and Technology Promotion of 
University Research and Scientific Excellence DU DST — PURSE grant. 
N.K.M., C.T., and H.V. gratefully acknowledge the University Grants 
Commission (UGC), New Delhi, and the Council for Scientific and In- 
dustrial Research (CSIR), New Delhi, for providing research fellowships. 

REFERENCES 

1. Sharma N, Vyas G, Pathania S. 2013. Culturable diversity of thermo- 
philic microorganisms found in hot springs of Northern Himalayas and to 
explore their potential for production of industrially important enzymes. 
Sch. Acad. J Biosci. 1:165-178. 

2. Kumar M, Yadav AN, Tiwari R, Prasanna R, Saxena AK. 2013. Deci- 
phering the diversity of culturable thermotolerant bacteria from Man- 
ikaran hot springs. Ann. Microbiol. 64:741-751. http://dx.doi.org/ 
10.1007/S13213-013-0709-7. 

3. Dwivedi V, Sangwan N, Nigam A, Garg N, Niharika N, Khurana P, 
Khurana JP, Lai R. 2012. Draft genome sequence of Thermus sp. strain 
RL, isolated from a hot water spring located atop the Himalayan ranges at 
Manikaran, India. J. Bacteriol. 194:3534. http://dx.doi.org/10.1128/ 
JB.00604-12. 

4. Ferreira AC, Nobre MF, Rainey FA, Silva MT, Wait R, Burghardt I, 
Chung AP, da Costa MS. 1997. Deinococcus geothermalis sp. nov. and 
Deinococcus murrayi sp. nov., two extremely radiation-resistant and 



July/August 2014 Volume 2 Issue 4 e00703-14 



Genome Announcements 



genomea.asm.org 1 



Mahato et al. 



slightly thermophilic species from hot springs. Int. J. Syst. Bacteriol. 47: 
939 -947. http://dx.doi.Org/l 0. 1 099/002077 13-47-4-939. 

5. Asker D, Awad TS, Beppu T, Ueda K. 2008. Deinococcus misasensis and 
Deinococcus roseus, novel members of the genus Deinococcus, isolated from 
a radioactive site in Japan. Syst. Appl. Microbiol. 31:43-49. http:// 
dx.doi.org/10.1016/j.syapm.2007.10.002. 

6. Simpson JT, Wong K, Jackman SD, Schein JE, Jones SJ, Birol I. 2009. 
ABySS: a parallel assembler for short read sequence data. Genome Res. 
19:1117-1123. http://dx.doi.org/10.1101/gr.089532.108. 

7. Li H, Durbin R. 2009. Fast and accurate short read alignment with 
Burrows-Wheeler Transform. Bioinformatics 25:1754-1760. http:// 
dx.doi.org/10.1093/bioinformatics/btp324. 

8. Milne I, Bayer M, Cardie L, Shaw P, Stephen G, Wright F, Marshall D. 
2010. Tablet-next generation sequence assembly visualization. Bioinfor- 
matics 26:401-402. http://dx.doi.org/10.1093/bioinformatics/btp666. 

9. Aziz RK, Bartels D, Best AA, Dejongh M, Disz T, Edwards RA, 
Formsma K, Gerdes S, Glass EM, Kubal M, Meyer F, Olsen GJ, Olson 
R, Osterman AL, Overbeek RA, McNeil LK, Paarmann D, Paczian T, 
Parrello B, Pusch GD, Reich C, Stevens R, Vassieva O, Vonstein V, 
Wilke A, Zagnitko O. 2008. The RAST server: Rapid Annotations using 



Subsystems Technology. BMC Genomics 9:75. http://dx.doi.Org/10.l 186/ 
1471-2164-9-75. 

10. Lagesen K, Hallin P, Rodland EA, Staerfeldt HH, Rognes T, Ussery 
DW. 2007. RNAmmer: consistent and rapid annotation of ribosomal 
RNA genes. Nucleic Acids Res. 35:3100-3108. http://dx.doi.org/10.1093/ 
nar/gkml60. 

1 1 . Laslett D, Canback B. 2004. ARAGORN, a program to detect tRNA genes 
and tmRNA genes in nucleotide sequences. Nucleic Acids Res. 32:1 1-16. 
http://dx.doi.org/10.1093/nar/gkhl52. 

12. Johnson M, Zaretskaya I, Raytselis Y, Merezhuk Y, McGinnis S, Mad- 
den TL. 2008. NCBI BLAST: a better web interface. Nucleic Acids Res. 
36:W5-W9. http://dx.d0i.0rg/l 0. 1 093/nar/gkn20 1 . 

13. Konstantinidis KT, Tiedje JM. 2005. Towards a genome-based taxonomy 
for prokaryotes. J. Bacteriol. 187:6258-6264. http://dx.doi.org/10.1128/ 
JB.187.18.6258-6264.2005. 

14. Kerepesi C, Banky D, Grolmusz V. 2014. AmphoraNet: the webserver 
implementation of the AMPHORA2 metagenomic workflow suite. Gene 
533:538-540. http://dx.doi.Org/10.1016/j.gene.2013.10.015. 

15. Ye Y, Doak TG. 2009. A parsimony approach to Biological pathway 
reconstruction /inference for genomes and metagenomes. PLoS Comput. 
Biol. 5:el000465. http://dx.doi.org/10.1371/journal.pcbi.1000465. 



2 genomea.asm.org 



Genome Announcements 



July/August 2014 Volume 2 Issue 4 e00703-14 



